To minimize diagnostic confusion, a CSF specimen should be free from traumatically introduced red blood cells (RBCs). The purpose of this research is to determine if patient age, sex, gauge of the lumbar puncture (LP) needle, or the level of LP is associated with an increased risk for traumatic fluoroscopy-guided LP.
F
luoroscopy-guided lumbar puncture (LP) is a commonly requested radiologic procedure, usually in the setting of a difficult or failed bedside LP attempt. Failure rates for conventional bedside LP have been estimated to range from 16% to 35%. 1 Compared with the conventional bedside approach, there is a higher success rate of obtaining CSF with fluoroscopic guidance because of the ability to visualize important bony landmarks and to avoid any adjacent obstructing degenerative bony changes. In theory, using fluoroscopic guidance should also minimize soft tissue trauma by reducing the number of passes needed to obtain CSF. An ideal CSF specimen should be free from red blood cells (RBCs) introduced as a result of the procedure, particularly in the setting of ruling out subarachnoid hemorrhage (SAH) or in the initial work-up for leukemia. Recent literature suggests that traumatic LP at diagnosis adversely affects the outcome of childhood acute lymphoblastic leukemia. 2 A traumatic spinal puncture can also alter the CSF cell count, increase the CSF protein level, and alter culture and cytologic results, thereby creating diagnostic confusion. 3 The cause of traumatic puncture is unknown but could result from incidental perforation of the ventral or dorsal epidural venous plexus or cauda equina vessels. 4 Conventional bedside LPs have an estimated rate of traumatic puncture ranging from 10.5% to 20% on the basis of chosen CSF RBC cutoff values. 5 The rate of traumatic fluoroscopy-guided LP has been estimated to range from 0% to 24%, with rates varying on the basis of the experience and training of the operator. 6 The purpose of this research is to determine if the factors of patient age, sex, gauge of the LP needle, or spinal level of LP is associated with an increased risk for traumatic fluoroscopy-guided LP.
Materials and Methods
Data were collected retrospectively for consecutive male and female patients of all ages who had a fluoroscopy-guided LP between January 1, 2005, and December, 31, 2006, at our university, children's hospitals, and private and county hospitals. The most common indications for fluoroscopy-guided LP at our institutions were headache and/or fever, altered mental status, or central nervous system (CNS) malignant tumor/intrathecal therapy for a malignant process. We compiled patient lists electronically by using the Radiology Information System/PACS at the hospitals. We collected the CSF results by using the electronic patient medical record system. Data including the patient's age, sex, gauge of the spinal needle, level of the lumbar spinal puncture, CSF gross appearance, and CSF laboratory analysis results were entered into an Excel (Microsoft, Redmond, Wash) spreadsheet. CSF RBC count in the last available series of tubes was recorded. All fluoroscopy-guided LPs were performed by members of the radiology department including residents (PGY-2-PGY-5), fellows, and staff. All of the fluoroscopy-guided LPs were performed with Quincke-type beveled tip spinal needles. Patients who had a LP without fluoroscopy were excluded. We obtained institutional review board approval for this study.
Data 3 or xanthochromia or infection). LP levels for all cases are indicated in Fig 1. The most commonly accessed lumbar levels during spinal puncture were L2-L3 (n ϭ 111), L3-L4 (n ϭ 353), and L4-L5 (n ϭ 190). The level of LP was not documented for 80 of the fluoroscopyguided LP cases. The 2 most common lumbar spinal needle gauge sizes were 20 gauge (n ϭ 249) and 22 gauge (n ϭ 460). Other gauges of lumbar spinal needles including 18-, 19-, 21-, 23-, and 25-gauge needles were not used in sufficient numbers to be able to determine statistical significance. There were 27 cases without documentation of the gauge of the LP needle.
A total of 99 of 742 punctures were traumatic (13.3%). When subgrouped by the 3 most commonly accessed LP levels, traumatic rates were 10 of 111 (9%) at the L2-L3 level, 35 of 353 (10%) at the L3-L4 level, and 36 of 190 (19%) at the L4-L5 level (Fig 2) . The higher traumatic LP rate at the L4-L5 level was statistically significantly higher than at the L2-L3 and L3-L4 levels (P Ͻ .005). Figure 3 shows average rates of traumatic LP by patient age, with patients subgrouped by decade. Patients older than 80 years had a mean traumatic rate of 25.9% (7/27), which was statistically significantly higher than the average rate of 12.4% (84/678) for patients aged 11 to 80 years (P Ͻ .05). However, patients younger than 11 years had an average traumatic rate of 21.6% (8/37), which was not statistically significantly different from the rate for patients between ages 11 and 80 years (P Ͼ .10).
Neither needle gauge (20-gauge vs 22-gauge) nor patient sex was associated with a statistically significant increased risk for traumatic LP (P Ͼ .05). There were 33/742 failed fluoroscopy-guided LP attempts (4.4%) in which CSF was not obtained. When subgrouped by patient age, failure rate for patients aged 1 year or older was 58.8% (10/17), compared with failure rate for patients older than 1 year of 3.2% (23/725), with an odds ratio of 47 (95% confidence interval, 16 -134). There were 13 of 742 cases ruled as likely SAH (1.8%).
Discussion
Fluoroscopy-guided LP is one of the most common procedures performed by neuroradiologists. A retrospective review of fluoroscopy-guided LPs was undertaken to determine any factors that contribute to a higher rate of traumatic puncture. There have been multiple studies about conventional bedside (non-fluoroscopy-guided) LPs, citing traumatic puncture rates that range from 10.5% to 20% depending on the CSF RBC count cutoff values used and various patient populations studied. 5, 8 However, there is a paucity of literature regarding 
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ORIGINAL RESEARCH similar traumatic rates with fluoroscopy-guided LPs. One study determined the frequency of traumatic fluoroscopyguided LPs to be from 3.5% to 11.6% on the basis of CSF RBC count cutoff values of more than 1000 cells/mm 3 and more than 400 cells/mm 3 , respectively. 6 The 13.3% traumatic rate in our study using a CSF RBC count cutoff value of 500 cells/ mm 3 as well as xanthochromia and clinical presentation is similar to their 11.6% rate with the CSF RBC count cutoff value of 400 cells/mm 3 . Further comparison between studies is problematic because different variables were considered for each study. The previous study did not include details about the fluoroscopy-guided LP procedure itself such as needle gauge or level of puncture but, instead, focused primarily on how the level of training among the radiologists (whether residents, fellows, or staff) had no significant effect on the CSF RBC count. In our study, we could not distinguish the level of training among the radiology operators (ie, PGY-2 through PGY-5 radiology residents or neuroradiology fellows or staff).
To stratify and categorize our CSF results, we established criteria to differentiate between nontraumatic and traumatic CSF results. Because there are no well-established guidelines as to what reliably constitutes a traumatic tap, previous studies have used qualitative methods (ie, visual inspection of the CSF for discoloration, clearing in later tubes) or quantitative RBC count levels ranging from 400 to 1000 cells/mm 3 . 4, 8 For our study, we created a categorization according to previous publications as well as clinical practice, with the intent to recreate clinical decision making to the greatest extent possible. Toward that end, we defined categories on the basis of CSF appearance and CSF RBC count, with some consideration of clinical scenario as well. Xanthochromia is widely viewed as strongly suggestive of SAH, so we categorized all cases with an RBC count 500 cells/mm 3 or more and xanthochromia as probably SAH. For those without xanthochromia but with an RBC count 500 cells/mm 3 or more, we considered clinical indication for the study because presentation and clinical scenario typically weigh heavily in interpretation of CSF results (eg, a child with suspected meningitis and multiple LP attempts at bedside with an RBC count 800 cells/mm 3 is probably judged to be traumatic, whereas an adult with severe headache and an RBC count 800 cells/mm 3 is probably judged to be SAH). Given our categorization, 13 of 742 cases (1.8%) were included in the probable SAH category. If this probable SAH category were not included, we would likely have underestimated the true incidence of SAH in our study population. Conversely, if we used a strict RBC count cutoff value, with higher numbers being considered as SAH, a larger number of our patient population would be classified as having SAH when they were clinically not considered to have this diagnosis. Of the 13 probable SAH cases in our study, 4 patients subsequently underwent diagnostic cerebral angiography, and 1 patient was found to have a right internal carotid terminus aneurysm. Given the small number of patients categorized as having probable SAH, it is unlikely that misclassification of traumatic versus probable SAH would have changed our results significantly.
Our study found that spinal punctures at the L2-L3 or L3-L4 level have less risk for traumatic puncture compared with the L4-L5 level. There does not seem to be a significant difference in the rate of traumatic lumbar spinal puncture between the L2-L3 or L3-L4 level. To our knowledge, no studies have evaluated the association between the level of LP and the rate of traumatic LP. Conventional bedside (non-fluoroscopyguided) LP techniques recommend spinal punctures at the L3-L4 or L4-L5 interspaces. These levels are below the conus medullaris and are most easily determined by finding the top of the iliac crests and drawing an imaginary line (Tuffier line) across the top, thereby intersecting the L4 spinous process or the L4-L5 interspace. [9] [10] [11] However, the bedside technique does not allow for confirmation of which level is being punctured. One study found that the intersection of a line joining the iliac crests coincided with the L4 spinous process (or the L4-L5 interspace) 78.6% of the time and the L3 spinous process (or the L3-L4 interspace) 3.7% of the time. 12 Our data suggest that fluoroscopy-guided LPs performed at the L4-L5 level have nearly twice (19%) the risk for traumatic puncture as those performed at the L2-L3 (9%) or L3-L4 level (10%). Our study did not investigate the possible causes of this higher rate of traumatic puncture. However, we speculate that 1 factor may be degenerative change of the lumbar spine, which tends to be worse at the lower lumbar spinal levels than at the upper lumbar spinal levels. 13, 14 Increased incidence of spondylosis at lower lumbar spinal levels could make the fluoroscopy-guided LP procedure more difficult to perform, resulting in extra maneuvering and manipulation of the spinal needle to gain access into the lumbar spinal canal. Another factor may be slightly more abundant epidural fat and areolar tissue (which contains the venous plexus) at the triangular shaped epidural space at the L4-L5 level compared with the ovoid-shaped L2-L3 or L3-L4 level. 15 A traumatic puncture could occur if the spinal needle is placed too far laterally or advanced too far anteriorly in the lumbar spinal canal, resulting in injury to the venous epidural veins. 16 Another possible contributory factor may be that the L4-L5 level was accessed after failed attempts at other levels. At our institution, residents are generally trained to access the lumbar spinal canal below the L1-L2 level at the lumbar level, which appears most widely patent on fluoroscopic observation. It may be that the L4-L5 level was a second or third option after unsuccessful attempts at higher levels. However, we did not have reliable data from the radiology reports indicating if multiple attempts were made or if other lumbar levels were punctured before successful access.
Another interesting finding was the higher rate of traumatic punctures in older adults (Ͼ80 years old). There have been previous studies about geriatric patient populations and the safety of LPs, addressing the rates of postprocedural headaches or back pain. 17, 18 However, to our knowledge, no studies have evaluated whether there was a higher incidence of traumatic punctures in the geriatric population. In the older adults (Ͼ80 years old), the higher rate of traumatic puncture could be the result of a host of factors including advanced osteophytic changes, inability to cooperate with the procedure, or difficulty lying in the prone position. Almost 20% of the fluoroscopic-guided LPs in our study were performed on adult patients with altered mental status as the primary indication for the procedure, perhaps resulting in poor patient cooperation with the spinal puncture procedure. Older adults may also be taking medications that could predispose them to bleeding (ie, aspirin).
Pediatric patients (defined in our study population as Յ10 years old) had a higher rate of traumatic LP, though this finding did not reach statistical significance. A study by Howard et al 3 identified risk factors associated with increased rates of traumatic conventional LPs such as African American race, age younger than 1 year, previous traumatic LPs within the past 2 weeks, and previous LP with a platelet count below 50,000. In our youngest population (Ͻ1 year old), we found a 25% rate of traumatic fluoroscopy-guided LP. Our failure rate in infants younger than 1 year was 58.8% (10/17) compared with patients older than 1 year, with a failure rate of 3.2% (23/725). We suspect that a higher failure rate in infants younger than 1 year may have been related to traumatic epidural or subdural collections as a result of previous failed conventional bedside LP. In infants, fluoroscopy only aids to confirm the position of the spinal needle tip within the center of the lumbar spinal canal but does little to help guide the spinal needle. The cause of increased rates of traumatic fluoroscopyguided LP in children and infants is unclear but may be related to overinsertion of the lumbar spinal needle, leading to injury of the venous epidural plexus. 19 Because of the high failure rate of fluoroscopy-guided LP in infants younger than 1 year, an alternative diagnostic test (ie, sonography-guided LP) should be considered in cases of failed bedside LP attempt. 20 The sex of the patient and the gauge of the beveled-tip spinal needles were not significant factors contributing to an increased rate of traumatic LP. Previous studies have also found that sex had no effect on the proportion of traumatic bedside LPs.
3 Only 20-gauge and 22-gauge lumbar spinal needles were used frequently enough to be included in our study. It may be that LPs with 18-gauge or 25-gauge needles may be associated with different risks for traumatic results.
Our study had several limitations. First, it was a retrospective study, so we relied on the accuracy and completeness of electronic medical records (EMR). Although we attempted to collect information about additional patient characteristics, such as body mass index, most cases did not have this information available in the EMR. Even with use of only the key parameters of patient sex, patient age, gauge of the needle, and level of access, multivariate analysis was not meaningful because 98 of our cases had some key data missing. Also, as mentioned above, reliable coagulation status was not available in the EMR for many of the patients in our study. However, it is standard practice at our institution to check coagulation profiles (routine cutoff values of Ͼ50,000 for platelet count and Ͻ1.5 for international normalized ratio) as well as to verify that the patient is not receiving warfarin (Coumadin), heparin, or enoxaparin (Lovenox) before undergoing fluoroscopy-guided LP. Therefore, it is likely that very few of our patients who underwent fluoroscopy-guided LP had abnormal coagulation profiles at the time of the procedure. Finally, we were unable to confirm the training or experience level of the operators for the LPs done in our study.
Conclusions
Our findings suggest that traumatic fluoroscopy-guided LPs are associated with the lumbar spinal level of puncture as well as the age of the patient. There is a higher rate of traumatic LP at L4-L5 level compared with the L2-L3 or L3-L4 level. There is also a higher rate of traumatic LP for patients older than 80 years. Most fluoroscopy-guided LP attempts in patients younger than 1 year are unsuccessful, and an alternative diagnostic test (ie, sonography-guided LP) should be considered rather than fluoroscopy-guided LP in this age group.
